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(54) Contacts for semiconductor 
devices 

(57) A semiconductor contact has a 
thin barrier layer less than 500 
angstroms In thickness of a metal such 
as tungsten applied between an 
aluminum contact layer 48 and a 
metal-semiconductor compound 42. 
The metal semiconductorcom pound 
forms a junction with an underlying 
semiconductor substrate. The thin 
barrier prevents a chemical reaction 
between the aluminum of the contact 
layer and the metal of the 
metal-semiconductor compound. The 
barrier layer may also be of Ta or Hf and 
the metal-semiconductor compound 
may be Ni, Co, Pt, or Mo sillcide. In an 
alternative method the three metal 
layers are deposited sequentially and 
the structure then heated to form the 
metal-semiconductor compound and to 
sinter the AJ contact layer. The structure 
may form either an ohmic or a Schotttcy 
contact 
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SPECIFICATION 

Tungsten banter contact 

5 The present Invention relates to semiconductor 
devices, and more particularly, to aluminum con- 
tacts to metallic compounds In a semiconductor 
device. 

Contact between a metal such as aluminum and a 

1 0 semiconductor generally results In two types of 
metal-semiconductor Junctions. One type Is a rectify- 
ing contact forming a metal-semiconductor diode 
(often referred to as a Schottky barrier or Schottky 
diode) having volt-ampere characteristics very simt- 

15 lar to those of a p-n junction diode. The other type of 
contact often referred to as an ohmic contact I* 
non-rectifying and is generally used when a lead is 
attached to a semiconductor. 
These ohmic and Schottky diode contacts can also 

20 be made between a semiconductor and metal-semi- 
conductor compounds such as silitides which are 
compounds of silicon and a metal The slliclde is 
typically formed by depositing a metal layer such as 
nickel, cobalt titanium, etc. onto a silicon substrate 

26 and subjecting it to a heat treatment known ss 
annealing. During the annealing process, the metal 
layer spreads into the silicon substrate forming a 
8il!cide region in contact with the remaining silicon 
substrate. The sllictde-silicon contact may be either 

30 an ohmic or Schottky diode contact depending upon 
the doping level erf the silicon. 

Slliclde contacts to the silicon substrate are desir- 
able because of the reproducibility of their electrical 
characteristics. However, aluminum frequently re- 

35 mains a preferred metal for the final contact to 
bonding pads or to other devices on the substrate. 
Aluminum contacts are typically formed by deposit- 
ing a layer of aluminum on the region to be 
contacted (RGURE 1 A). The aluminum layer Is then 

40 generally treated to a heat treatment referred to as 
sintering. Sintering the aluminum layer allows the 
aluminum to form a better contact with the under- 
lying region. 

It has been found, however, that many aluminum- 

45 slliclde contacts exhibit a thermal instability during 
the sintering cycle. That is, many silicides react with 
the aluminum in the temperature range used to 
sinter the aluminum contact (typically 400-600° C). 
This chemical reaction leads to the formation of 

60 intermetallic compounds from the aluminium and 
the slliclde. Thus, for example, sintering an alumi- 
num contact layer on a nickel silicide region has 
been found to form the intermetallic NIAl 3 (RGURE 
1 B). The chemical reaction between the aluminum 

SB and the slliclde further has been found to raise the 
Schottky barrier height of the stlidde-sillcon Junc- 
tion, which raises the forward voltage drop of the 
Junction. This in turn increases the power consumed 
by the Junction and may make the slliclde contact 

60 unsuitable for many applications. In addition, the 
aluminum-silicide reaction may not proceed uni- 
formly during the sintering cycle of the aluminum. 
As a result the current flow through the sintered 
alumtnum-eillclde contact may not be uniform. This 

65 can lead to excessive current in some locations 



within the contact resulting in failure of the device. 

In order to prevent the silicide from reacting with 
the aluminum during the sintering of the elumlnum 
contact it hae been proposed (G. J. Van Gurp, J.C.C 

70 Dames, A. Va. Oostrom, LJ.M. Augustus, and Y. 
lemmings, J. Appl. Phya. SO, 691 5 (1 979)) to "sput- 
ter" deposit a 2,000 angstrom (.2 micron) layer of 
tungsten on the silicide before depositing the alumi- 
num to provide a barrier between the aluminum and 

75 the silicide. (Alternatively, a 1,000 angstrom layer of 
a tungsten-titanium composition was also prop- 
osed.) It was reported that the sputter deposited 
intermediate layer of tungsten (or tungsten-tita- 
nium) was effective in preventing a chemical reao- 

80 tion between the aluminum and the silicide. Be- 
cause of the relatively large thicknesses of these 
intermediate layers (1,000-2400 angstroms), it is 
generally required that these layers be sputter 
deposited with a sputtering apparatus. Other 

86 methods for depositing a metal layer, such as 
evaporation deposition with an electron beam gun, 
generally are not suitable for depositing layers of 
tungsten in excess of 250 to 500 angstroms thick. 
Accordingly, Van Gurp, et al. suggests that after 

90 the annealing of the slliclde region is complete, the 
device be removed from the annealing furnace and 
placed in a separate sputtering apparatus to have the 
tungsten layer sputter deposited on the silicide. ft Is 
then proposed that the aluminum layer be deposited 

95 on the tungsten layer by evaporation using an 

electron beam gun (E-gun). Because sputter deposit- 
ing typically requires a separate apparatus, it would 
be highly desirable to eliminate the need for deposit- 
ing the intermediate tungsten barrier layer on the 
100 silictde region by sputter depositing. This will allow . 
devices using such a contact barrier layer to be 
manufactured more economically. 

It Is an object of the present invention to provide a 
contact having a barrier layer for a semiconductor 
105 device wherein the barrier layer need not be sputter 
deposited. 

It is another object of the present invention to 
provide a contact for a semiconductor device where* 
in the annealing and sintering operations may be 

110 performed in a single step. 

In accordance with the present Invention, a contact 
for a semiconductor device Is provided having an 
intermediate barrier layer of metal between en 
aluminum contact layer and a metal-semiconductor 

115 compound. The barrier layer has a thickness of less 
than 600 angstroms so that it may be conveniently 
deposited by evaporation with an electron beam 
gun, for example. The intermediate barrier layer 
may be made of tungsten or another metal such as 

120 tantalum or hafnium. 

The thin barrier layer (less than 500 angstroms) 
obviates the need for sputter depositing the barrier 
layer onto the metal-semiconductor compound. 
Since an electron beam gun may utilize several 

1 25 evaporation sources, the desired metal layers may 
be sequentially deposited on the semiconductor. 
Thus, for example, a metal layer for forming a 
metal-semiconductor compound such as a silicide, a 
tungsten layer for forming a barrier layer and an 

130 aluminum contact layer may be sequentially depo- 
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sited without having to Interrupt the depositing 
operation to place the device In a sputtering appar- 
atus. Furthermore, once the three metal layers are 
deposited, the device may be heated to anneal the 
5 metal and silicon to form the silicide and to also 
sinter the aluminum contact layer, all In a single 
heating step. Accordingly, the manufacturing pro- 
cess for fabricating the contacts is greatly simplified 
and the cost is significantly reduced. 
10 RGURE 1 A is a schematic diagram of a prior art 
aluminumMidde/sillcon contact; 

RGURE 1 B is a diagram of the contact of RGURE 
1 A after sintering the aluminum; 
RGURE 2 is a flow chart of a prior art process for 
15 fabricating an alumfnumMidde/silicon contact; 
RGURE 3 Is a flow chart describing a fabrication 
process for an aluminum/silicide/semiconductor 
contact in accordance with the present invention 
with schematic diagrams of the contact at various 
20 stages of the process; and 

RGURE 4 Is an alternative embodiment of the . 
process and contact described In RGURE 3. 

A schematic representation of a prior art silicide 
contact 10 to a silicon region 12 is shown in RGURE 
25 1 A. The contact 10 has a silicide region 14 formed on 
the silicon region 12 to which it is making contact 
The silicon region 12 represents a portion of a 
semiconductor device, such as the collector region 
of a bipolar transistor, for example, on a silicon 
30 wafer or substrate. The eiilcide region 14 is formed 
by depositing a layer or film of metal such as nickel 
' on the silicon substrate and annealing the nickel and 
silicon by heating the substrate in a furnace. Anneal- 
ing causes the nickel to spread into the silicon 
35 forming the nickel sHIcide, NiSI, In the region 14 
within the silicon region 12. The electrical properties 
of the compound NiSi are metallic in nature such 
that the junction 16 between the silicide region 14 
and silicon region 12 is similar to a metal-semicon- 
40 ductor junction. Thus, the nickel silicide region 14 
can form either an ohmic or rectifying (Schottky 
diode) contact to the silicon region 12, depending 
upon the doping level of the silicon region t2. 
As previously mentioned, it is often desirable to 
45 utilize aluminum to make the final electrical contact 
between the silicide region and a bonding pad or 
another device on the semiconductor substrate. 
Thus, the contact 10 in RGURE 1 A haa a layer 18 of 
aluminum deposited on the annealed nickel silicide 
50 region 14 to Interconnect the region 14 with other 
devices or regions. The aluminum layer 18 is usually 
sintered which Is a heat treatment to strengthen the 
aluminum and improve the bond between the 
aluminum and the nickel silicide region 14. However, 
65 due to the thermal instability of the aluminum layer 
18 and the nickel silicide region 14, the heat of the 
sintering cycle causes the aluminum to migrate 
towards the silicide region 14. The aluminum then 
reacts with the silicide producing an intermetallic 
60 region 20 (RGURE IB) of NIAI, between the silicon 
region 12 and the aluminum layer 18. This chemical 
reaction raises the Schottky barrier height of the 
junction 16 which raises the forward voltage drop for 
current flowing between the aluminum layer 18 and 
65 the silicon region 12. When used for ohmic contact. 



this rise will cause higher contact resistance. This 
increases the amount of power dissipated in the 
contact 10 and may render the contact 10 useless for 
many applications. 

70 As previously mentioned, in order to prevent the 
chemical reaction between aluminium and the aifi- . 
dde, it has been previously suggested to sputter 
deposit a 2fi00 angstrom layer of tungsten (or 1,000 
angstrom layer of tungsten end titanium) between 

75 the silicon and the aluminum. FIGURE 2 Illustrates 
the process suggested by van Gurp, etal. 

In the first step (described in the box indicated at 
22, hereinafter "step 22"), a layer of metal is 
deposited onto a silicon wafer which is annealed In 

80 the next step 24 to form a particular silicide, 

depending upon the metal deposited. For example, 
cobalt has been deposited by electron beam eva- 
poration at a pressure of about 1 0* 8 Ton to produce the 
silicide of CoSia by subsequent annealing at 550° C 

85 for two hours in an atmosphere of IVN* Alternative- 
ly, it has been suggested to sputter deposit molybde- 
num and anneal at 600 s Cfor one hour in HJNi to 
produce the silicide of hexagonal MoSfe. As another 
example, it was suggested to sputter deposit platl- 

90 num and nickel onto silicon and anneal at 500* Cfor 
thirty minutes In vacuum to produce the silicide 
Pt^Ni v*SL The sputter depositions were generally 
carried out in argon at a pressure of 5 x 1ff*Torr. 
The silicon wafers are then removed and placed Into 

95 a different system to sputter deposit a 2000 ang- 
strom layer of tungsten onto the silicide, as indicated 
In steps 26 and 28. The wafer ie returned in step 30 
for evaporation of the final aluminum contact layer, 
finally, the aluminum layer is sintered In step 32. 

100 As seen from the foregoing, the process described 
in the van Gurp, et aL publication requires that the 
tungsten barrier layer be sputter deposited In 8 
system sepa rate from that which was used to 
deposit the other layers of the contact Thus, In 

105 addition to the expense of the additional sputtering 
equipment, this described process requires the 
vacuum or HJH 2 atmosphere used in the annealing 
step 24 to be broken during the removal step 26 In 
order to place the wafer into a separate sputtering 

110 apparatus. Furthermore, after the sputtering process 
is complete, the wafer Is placed into an electron 
beam evaporation chamber which is pumped down 
again In order to deposit the aluminum layer. 
Additionally, it is seen that the annealing of the 

115 silicide and the sintering of the aluminum layer are 
carried out in two separate steps. 

In general, it is Impractical to deposit a 2,000 
angstrom layer of tungsten (or 1,000 angstrom 
tungsten-titanium layer) by evaporation using an 

120 electron-beam gun. The maximum thickness of a 
tungsten layer obtained by evaporation Is typically In 
the range of 250 to 500 angstroms. A 250 angstrom 
layer of tungsten Is generally considered to be not 
very uniform and may have a large number of pin 

125 holes In the layer. Thus, it was previously thought . 
desirable to have a layer in excess of 1 ,000 ang- 
stroms to insure that there are no pin holes In the 
layer. 

An additional characteristic of sputtering the tung- 
130 sten layer onto the silicide is the tendency of 
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impurities from tho ambient stmosphar© to bscbme 
mixed In with tho metal layer being deposited, which 
may help the barrier properties of the deposited 
Isysr. For oxsmple, I? nitrogen io used ©s the ambient 

6 gas in the sputtering apparatus, then nitrogen can 
become mixed into the tungsten barrier. Tfo© nit- 
rogen Impurity can (possibly help th© barrier prevent 
the QluminumhcIIWd© reaction. 
Referring now to FIGURE 3, a flowchart Io shown 

10 Illustrating a process for fabricating a oemtconductor 
contact 52 In accordance with the present invention, 
tt has been found that a 2,000 or 1,000 angstrom 
barrier lo not necessary to prevent the aluminum 
contact layer from reacting with the sllldd®. Instead, 

15 it has bsen found that an effective barrier Isysr of 
tungsten may bs less than 500 angstroms in thick* 
ness, ouch as 250 angstroms, for example. It io quite 
practical to deposit a 250 angstrom tungsten barrier 
layer by evaporation using an electron beam gun. 

20 This can greatly simplify the fabrication techniques 
for manufacturing the semiconductor contact as will 
be more ciearly understood in the following descrip- 
tion. 

A 1350 angstrom layer 38 of nickel Is deposited by 

25 evaporation with an electron beam gun onto© 
silicon (region 38 of a cslioon substrate. The nickel 
layer 36 and silicon (region 38 a r© shown echo mati- 
cslfy and are not intended to represent actual 
physical shapes. The silicon region 38 may b® m 

30 portion of a devioa in the silicon substrate, ouch as a 
transistor base or collector region for ©xamplo. The 
Initial deposition step is indicated at 34 In th® 
accompanying flow chart. 
The substrate fe then annealed st 400° C for five to 

35 fifteen minutes in step 40 go that the metal oillclde, 
NISt io formed In a region 42. A sflicide-sflicon 
Junction 54 is thereby formed between the silidde 
(region 42 and the {remaining silicon region 38. The 
substrata may be annealed in situ, that Is, it may be 

40 annealed In place so that the substrata nieed not be 
removed from th® electron beam gun chamber In 
order to anneal the silidde. Afternativ&iy, other 
metals such as cobalt, molybdenum or platinum 
may be substituted for the nickel to form other 

45 silicides. In addition, the thickness of the nickel layer 
and the annealing temperature are provided for 
Illustrative purposes only. 

After the annealing step is complete, the electron 
beam gun is reactivated in step 44 to deposit by 

50 evaporation a barrier layer 46 of tungsten from a 
escond evaporation source, over the nickel oillcide 
region 42. In the Illustrated embodiment, the tung- 
sten layer may be 250 angstroms thick, for example, 
but experiments have shown that tungsten layers as 

55 thin ££ 200 angstroms have worked successfully. 
Without removing the substrate from the electron 
beam gun chamber, the aluminum contact layer Is 
deposited In a third metal layer 48 by ovaporatlon 
from a third evaporation source onto th® tungsten 

60 layer 48. The pressure in the electron baam gun 
deposition chamber during the ovaporatlon may be 
less than 4 x 10"* Tost forth® nickel deposition, less 
than 2 x 1<T 7 Torr for th© tungsten deposition and 
below 10T 8 Torr for the aluminum deposition, for 

65 example. The above-described process is highly 



suitable for depositions by an electron beam gun 
since the electron beam gun can deposit layers of 
metals from thre® different evaporation sources 
without necessitating moving the wafer or substrate 

70 to a separate apparatus. Th© silicon substrate with 
the nickel sllldd®, tungsten and aluminum layers 
may then tea placed In a quartz tub® furnace to sinter 
the aluminum as indicated at step 50, completing the 
semiconductor contact 62. Th® sintering may b© 

75 conducted at a pressure of less than NT* 3 Torr 
residual pressure or can b® done at atmospheric 
pressure also. 

St has been found that th® tungsten Kay®r46 of tha 
contact 52 provides an effective barrier layer b®» 

80 tween th® aluminum layer 48 and the nickel silldd® 
region 42. This intermediate tungsten layer 46 
prevents th® aluminum from chemically reacting 
with th® nickel siiicide despite the tungsten layer 46 
having a thlcknoss of only 250 angstroms. 

85 Th®dlidd®-Gflioon Junction 54 of the contact 52 
may b® either ®n ohmic contact or a Schottky diode 
dapending upon th® doping of th® silicon region 38. 
SInoa th® tungst®n layer 36 prevents th® aluminum 
from reacting with th® nickel silldd® during the 

SO sintering step SO, the Schottky barrier height of the 
Junction 54 is not raised thereby preventing an 
increase in th® forward voltage drop, or th® contact 
resistivity off th® contact/Junction 54. Furthermore, 
preventing th® aluminum from reacting with th® 

95 silicid® Insures th® uniformity of th® current flow 
through th® nickel silidde region 42 from th® 
aluminum air&d th® tungsten Bayers. In this manner, 
th® tungsten barrier layer 46 ®nhances th® reliability 
and stability off th® contact 52. - 
100 An altamathro method for fabricating a semicon- 
ductor contact which more fully utilizes th® advan- 
tages of the presant invention is shown in Figure 4. 
There th® thre® Bayers of metal are sequentially 
©vaporated onto a silicon region 38a without anneal- 
105 Ing after th® first layer Us deposited. This method Is 
highly suitabl® for use with ®Iectron beam evapora- 
tion chambers sine® an electron beam gun can use 
several evaporation metal sources to sequentially 
deposit different (metals onto a substrat®. According- 
1 10 ly, as indicated in step 56, a 830 angstrom layer 38a 
of nickel may be deposited on a silicon region 38a. 
Th® nickel layer 36a is followed by a 250 angstrom 
layer 46a of tungsten deposited on th® nickel layer 
36a and a 2350 angstrom layer 48a of aluminum 
115 deposited on th® tungsten layer 46a. These three 
metal layers can b® sequentially deposited by Eva- 
poration in a single depressurfeed ovaporatlon 
chamber without having to remov© th® substrat® 
between layer depositions. Thus, the depressuriza- 
120 tlon may bs maintained while all three layers are 
deposited. There is no need to ropressuriz® th® 
chamber between tayer depositions to remove th® 
substrate. 

After th® thre® layers are deposited, th® substrate 
125 may then b® placed In a furnace at 43*FC to sinter the 
aluminum layor 48a. While th® aluminum layer 48a 
lo sintering, th® nickel layer 36a Ea fully consumed In 
the nickel-slllcori reaction forming the NiSi sllidd® 
region 02a adjacent th® remaining silicon region Sia. 
130 It Is seen In Figure 4 that th© aluminum contact layer 
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48a retains Its Integrity and doss hot comically 
react with the nickel layer 38a. The tungsten layer 
46a prevents the aluminum from reacting with tho 
nickel so that the nickel can form the nickel silidde 

5 region 42a. Thus, the steps of annealing the nickel 
and silicon into the nickel silidde region md Enter- 
ing the aluminum contact layer can now be per- 
formed in a single step. 
Accordingly, K h seen from the foregoing that the 

10 aluminum reaction with the silidde can be suppres- 
sed by incorporating a thin tungsten barrier (lose 
than SCO angstroms) between the silidde and the 
aluminum. The thinness of the barrier (Hess than 600 
angstroms) between the filicide and the aluminum 

US obviates the need for a separate sputtering appar- 
atus. Furthermore, the barrier layer can be intro- 
duced In the same deposition step as the first metal 
layer and the aluminum contact In addition, th® 
annealing of the metal and silicon and the sintering 

20 of the aluminum contact layer can be done In a 
single heat treatment. 

It will, of course, be understood that modifications 
of the present invention, in Its various aspects, will be 
apparent to those skilled in the art, some being 

25 apparent only after study and others being merely 
matters of routine semiconductor fabrication and 
design. For example, other metals such as tantalum 
and hafnium might be substituted for tungsten to 
form the barrier layer batmen the aluminum contact 

30 and the silidde. In addition, the barrier layer of th® 
present invention can form an effective barrier 
between on aluminum contact and other metal sill- 
ddes such as the eilicldes of cobalt, platinum, and 
molybdenum. When relatively high annealing 

35 temperatures {approximately 600° C) for oilldde 
formation Is needed the process described in Figure 
3 may be mora appropriate. In addition, the thin 
barrier layer of the present Invention may provide an 
effective barrier for contacts utilizing aluminum and 

40 other metal-semiconductor compounds such as ger- 
msnicides. Other embodiments are also possible, 
with their specific designs dependent upon the 
particular application. As such, the scope of the 
invention should not be limited by the particular 

45 embodiments herein described, but should be de- 
fined only by the appended claims and equivalents 
thereof. 
CLAIMS 

1 . A semiconductor device comprising : 
60 a semiconductor substrate; 

a region of a metal-semiconductor compound 
adjacent the substrate; 

an aluminum contact for providing en electrical 
connection to the metal-semiconductor compound 
55 region; and 

a barrier layer of tungsten, tantalum or hafnium 
compound between the aluminum contact and the 
metal-semiconductor compound region, said barrier 
layer having a thickness which is lose than 500 
SO angstroms, said barrier l&yer preventing q chemical 
reaction between the aluminum contact and the 
metal-semiconductor compound region. 

2. Th© device of claim 1 therein th© semicon- 
ductor substrate is a silicon substrate and the 

65 metal-semiconductor compound is a sillcid©. 



3. The device o? claim 2 wherein the silidde 
region in the substrate Is a nickel silicide region. 

4. A contact for a semiconductor device having a 
silicon substrate comprising: 

70 o region of silidde formed In the substrate; 
an aluminum contact for providing an electrical 
connection to the silicide region; and 

a tungsten layer having a thickness of less than 
500 angstroms between the aluminum contact and 
75 the silicide region, for preventing a chemical reac- 
tion between the aluminum contact and the silicide 
region. 

5. The contact of claim 4 wherein the silicide 
region In the substrate is a nickel silicide having the 

80 composition WiSi. 

& On a semiconductor device having an alumi- 
num contact for a silicide region which forms a 
silicide-semlconductor junction with the semicon- 
ductor, a barrier comprising: 

85 a layer of tungsten disposed between the alumi- 
num contact and the silicide region and having a 
thickness of less than 500 angstroms, for electrically 
connecting the aluminum contact with the silicide 
region, and for preventing the aluminum of the 

80 contact from chemical &y reacting with the silidde 
region thereby raising the Schottky barrier height of 
the silicide-semiconductor junction. 

7. A Schotttcy diode comprising : 
q silicon substrate; 

35 a nickel silidde region located within the substrate 
forming a silidde-sillcon junction; 

a tungsten layer having a thickness of less than 
500 angstroms disposed oh the nickel silidde re- 
gion; and 

1 00 an aluminum contact disposed on the tungsten 
layer for providing an electrical connection to the 
silidde region through the tungsten layer wherein 
the tungsten layer prevents a chemical reaction 
between the aluminum and the nickel silidde region 

1 05 thereby preventing an Increase in the junction 
Schotttcy barrier height. 

8. A method of fabricating a semiconductor 
device comprising the steps of: 

depositing a first metal layer onto a silicon oubs- 
110 trate; 

depositing a second metal layer onto the first 
metal layer, selected from the group consisting of 
tungsten, tantalum and hafnium; 

depositing an aluminum contact onto the second 
115 metal layer; and thereafter 

heating the substrate and metal layers on the 
substrate concurrently to anneal the first metal layer 
and the silicon substrate to form a silidde and also to 
sinter the aluminum contact In a single step, wherein 
120 the second metal layer prevents the aluminum from 
chemically reacting with the silidde during the 
single annealing and sintering step. 

9. The method of d aim 8 wherein the second 
metal layer is deposited in a layer having a thickness 

125 which Is loss than ECO angstroms. 

10. The method of daim 8 or 9 wherein each off 
the metal layers to deposited by evaporation utilising 
an electron beam gun. 

11. Th® method of d aim 8, 9 or 10 wherein the 
1%) first metal layer deposited Is nickel so that a nickel 



silicide is formed during the annealing and sintering 
step. 

12. A method of fabricating a semiconductor 
devfce comprising the steps of: 

5 depositing a first metal layer onto a silicon subs- 
trate; 

annealing the metal layer and silicon to form a 
metal silicfde region In the substrate; 

depositing a tungsten layer on the metal silicide 
10 region, which has a thickness of less than 500 
angstroms; 

depositing an aluminum contact layer onto the 
tungsten layer; and 

sintering the aluminum contact layer wherein the 
15 tungsten layer prevents the aluminum from chemi- 
cally reacting with the metal silicide during the 
sintering step. 

13. A method of fabricating a semiconductor 
device comprising the steps of; 

20 depositing a layer of nickel onto a silicon subs- 
trate; 

depositing a layer of tungsten having a thickness 
of less than 500 angstroms on the nickel layer; 

depositing a contact layer of aluminum onto the 
25 tungsten; 

heating the substrate and metal layers in a furnace 
to annealing the nickel and silicon to form a nickel 
silicide and also to sinter the aluminum contact 
wherein the tungsten layer prevents the aluminum 
30 from chemically reacting with the nickel silicide and 
the annealing and sintering are performed in a 
single step. 

14. A method of fabricating a semiconductor 
device comprising the steps of : 

35 depositing three sequential metal layers of nickel, 
tungsten and aluminum on a silicon substrate by 
evaporation in a depressurtzed electron beam gun 
chamber while maintaining the depressurization of 
the chamber between depositions; and 

40 heating the substrate in a furnace to anneal the 
nickel and silicon into nickel silicide and to concur- 
rently sinter the aluminum to provide an electrical 
contact wherein the tungsten layer provides an 
electrical connection between the aluminum contact 

45 and the nickel silicide region and also prevents a 
chemical reaction between the nickel and the alumi- 
num so that the nickel silicide will form rather than a 
nickel aluminum compound. 

15. A semiconductor device substantially as he- 
50 relnbefore described with reference to Figure 3 or 4 

of the accompanying drawings. 

16. A contact for a semiconductor device sub- 
stantially as hereinbefore described with reference 
to Figure 3 or 4 of the accompanying drawings. 

S> 17. A method of fabricating a semiconductor 
device substantially as hereinbefore described with 
reference to Figure 3 or 4 of the accompanying 
drawings. 
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